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(g) Ink jet printer head and method for manufacturing the same. 

(57) An ink jet printer head and an ink jet printer 
which express a half tone with a simple con- 
struction in accordance with the density data. 
The ink (13) and the transparent solvent (10) are 
quantified and mixed based on the density data 
for each of the specified pixels. The ink (13) and 
the transparent solvent (10) are supplied to a 
mixing chamber (2) from respective conduits (6, 
7). Supply of the components to the mixing 
chamber (2) is controlled by operation of res- 
pective piezoelectric elements (8, 9) and/or 
heating elements (33, 34). The liquid ink drop 
mixture is deposited onto a recording medium, 
so as to deposit a predetermined density of the 
liquid ink drop onto the recording medium 
based on the density data for each of the speci- 
fied pixels. Therefore, a half tone can be rep- 
resented with certitude in accordance with 
density data with a simple construction. 
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BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

This invention relates to an ink jet printer head 
and an ink jet printer, and more particularly to an im- 
provement of on-demand ink jet printer that can print 
a halftone. 

DESCRIPTION OF THE RELATED ART 

Conventionally, the on-demand ink jet printer 
takes the form of a printer for discharging liquid ink 
drops from a nozzle in accordance with a recording 
signal to print the material to be printed on a recording 
medium such as paper or film. Such a type of printer 
is becoming more and more widely used simply be- 
cause the size of the printer can be reduced and the 
cost thereof can be reduced as well. 

At the same time, particularly in offices, docu- 
ment preparation using a computer, often referred to 
as desktop publishing, has become very popular. 
Quite recently, requirements have grown more and 
more strong not only for outputting characters and fig- 
ures but also for outputting natural color images such 
as photographs together with characters and figures. 
For printing such high-quality natural images, a half 
tone representation is very important. 

In such on-demand ink jet printers, methods have 
become very popular which use a piezo element, or 
which use a heating element The method which uses 
the piezo element involves applying pressure to the 
ink by the distortion of the piezo element to discharge 
the ink from the nozzle. The method which uses the 
heating element involves heating and boiling the ink 
with the heating element to discharge the ink with the 
pressure of the bubbles thus generated. 

In addition, ink jet printers are available which 
vary a voltage and a pulse width to be given to the pie- 
zo element or the heating element and control a liquid 
ink drop that is discharged to render variable the di- 
ameter of printing dots so as to provide gradation rep- 
resentation. Inkjet printers are also available which 
provide gradation representation in matrixes using 
the dithering method by constituting one pixel with a 
matrix comprising, for example, 4x4 dots without 
changing the dot diameter. 

However, as described above, in the on-demand 
ink jet printer, the method for changing a voltage and 
pulse width applied to the piezo element or the heat- 
ing element has the following drawbacks: when the 
voltage and the pulse width applied to the piezo ele- 
ment and the heating element are low r d too much, 
ink cannot be discharged, meaning that the minimum 
liquid drop diameter is limited. Consequently, the 
number of gradation levels that can be represented is 
I w. Low-density representation in particular cannot 
be done. The method is thus unsatisfactory, practical- 



ly speaking, for printing out natural images. 

When one pixel is constituted, for example, of 4 
x 4 matrixes with the method for gradation repres n- 
tation using the dithering methotj, 17 gradation levels 

5 can be repr sented. However, the material to be print- 
ed is printed in the same dot density as the above 
method, the resolution will deteriorate only to one 
fourth, so that the roughness of the printed characters 
becomes apparent. In such a case, the method is un- 
to satisfactory, practically speaking, for printing out 
natural images. 

To solve such problems, an ink jet printer, which 
discharges a mixed liquid obtained by quantifying and 
mixing transparent solvent and ink to perform print- 

15 ing, has been provided. In this ink jet printer, one liquid 
of transparent solvent and ink, for example, ink, is 
quantified to obtain a desired gradation, the quanti- 
fied ink is mixed with the other liquid, for example, 
transparent solvent, and the mixed liquid is dis- 

20 charged as a fixed amount to perform printing. That 
is, printing is performed by in-dot density gradation. 

As an ink jet printerfor printing by using mixed liq- 
uid in which ink and transparent solvent are mixed, an 
ink jet printer has been provided in which ink and 

25 transparent solvent are quantified and mixed by util- 
izing the electrical permeation (Japanese Patent Laid 
Open No. 201024/1993 (U.S. Patent Application No. 
961,982)). Here, the electrical permeation is a phe- 
nomenon that electrolyte solution moves from one 

30 side to the other side through a porous barrier mem- 
brane, when a porous barrier membrane is provided 
to partition a vessel filled with electrolyte solution into 
two, for example, right and left, and electrode plates 
are put into respective partitioned electrolyte solution 

35 to apply voltage. 

Since the permeation amount (movement 
amount) of the electrolyte solution is proportional to 
the electricity if the electrical permeation is used, the 
relatively accurate quantifying and mixing can be per- 

40 formed. However, because the frequency response of 
the electrical permeation is lower than, for example, 
a piezo element or a heat generating element, it has 
been difficult to realize high speed printing. More- 
over, there has been a problem that because the elec- 

45 trolyte solution is used in the electrical permeation, if 
water is used as the transparent solvent, it is electro- 
lyzed and bubbles are generated. 

SUMMARY OF THE INVENTION 

50 

In view of the foregoing, an object of this invention 
is to provide an ink jet printer head and an ink jet prin- 
ter which can print a halftone accurately with a simple 
construction in accordance with a density data. 
55 The for going objects and other objects of the in- 
v ntion have been achi vedbyth provision of an ink 
jet printer head comprising: quantifying and mixing 
means for quantifying and mixing ink or a transparent 
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solvent to the transparent solvent or the ink by con- 
trolling first pressure giving means in accordance 
with given density data; and liquid discharge means 
for discharging a liquid ink drop being a liquid mixed 
by the quantifying and mixing means by controlling 
second pressure giving means to deposit the ink on 
a recording medium, so that a half tone is printed by 
the density modulation of the liquid ink drop. 

Further, this invention provides an ink jet printer 
having an ink jet printer head comprising : quantifying 
and mixing means for quantifying and mixing ink or a 
transparent solvent with the transparent solvent or 
the ink by controlling first pressure giving means in 
accordance with given density data; and liquid dis- 
charge means for discharging a liquid ink drop being 
a liquid mixed by the quantifying and mixing means 
by controlling second pressure giving means to de- 
posit to a recording medium, so that a half tone is 
printed by the density modulation of the liquid ink 
drop. 

Further, this invention provides an orifice plate on 
which a resist pattern and a metal pattern of electro- 
plating are repeatedly formed as multi-layer, the ori- 
fice plate comprising : a cylindrical mixing room for 
quantifying and mixing ink and transparent solvent; a 
first orifice formed on the bottom surface of the mix- 
ing room in which the transparent solvent or the ink 
is discharged; a second orifice formed on the side 
plane of the mixing room in which the ink or the trans- 
parent solvent is discharged; a mixing channel for in- 
troducing the ink or the transparent solvent to the sec- 
ond orifice. 

This invention can actualize an ink jet printer 
head and an ink jet printer that can deposit a prede- 
termined density of a liquid ink drop to represent a half 
tone representation with certitude in accordance with 
the density data with a simple construction by quan- 
tifying and mixing the ink and the transparent solvent 
in accordance with density data for each of the given 
pixels and to deposit the mixed liquid ink drop onto a 
recording medium. 

The nature, principle and utility of the invention 
will become more apparent from the following de- 
tailed description when read in conjunction with the 
accompanying drawings in which like parts are des- 
ignated by like reference numerals or characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
Fig. 1 is a top view showing the construction of 
an ink jet printer head according to a first embodi- 
ment of this invention, the head seen from the 
side of the printing surface; 
Fig. 2 is a front view showing the construction of 
the ink j t printer h ad shown in Fig. 1; 
Fig. 3 is a right-sid view showing the construc- 
tion of the ink jet printer head of Fig. 1; 
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Fig. 4 is a sectional view of the ink jet printer head 
of Fig. 1 taken along line IV-IV; 
Fig. 5 is a sectional view of the ink jet printer head 
of Fig. 1 taken along line V-V; 
Fig. 6 is a sectional view of the ink jet printer head 
of Fig. 2 taken along line VI-VI; 
Fig. 7 is an enlarged sectional view of the nozzle 
section of the ink jet printer head of Fig. 1; 
Figs. 8A to 8J are schematic sectional views ex- 
plaining the operation of the ink jet printer head 
in Fig. 1; 

Figs. 9A to 9C are schematic perspective views 
showing a construction of a unidirectional valve 
for use in the ink jet printer head in Fig. 1 ; 
Figs. 10A and 10B are timing charts explaining 
the driving voltage of the ink jet printer head in 
Fig. 1; 

Fig. 11 is a block diagram showing a driving circuit 
of the ink jet printer head in Fig. 1; 
Fig. 12 is a plane view explaining a method for 
narrowing a nozzle pitch using the ink jet printer 
head of Fig. 1; 

Fig. 13 is a top view showing the construction of 
the ink jet printer head according to a second em- 
bodiment of this invention, as viewed from the 
printing surface; 

Fig. 14 is a front view showing the construction 
of the ink jet printer head in Fig. 13; 
Fig. 1 5 is a right-side view showing the construc- 
tion of the ink jet printer head in Fig. 13; 
Fig. 16 is a sectional view showing the ink jet prin- 
ter head in Fig. 13 taken along line XVI-XVl; 
Fig. 17 is a sectional view showing the ink jet prin- 
ter head in Fig. 13 taken along line XVII-XVII; 
Fig. 18 is a sectional view showing the ink jet prin- 
ter head in Fig. 14 taken along line XVIII-XVIll; 
Fig. 1 9 is a block diagram showing a driving circuit 
of the ink jet printer head of Fig. 13; 
Fig. 20 is a schematic perspective view explain- 
ing initial steps in fabricating the ink jet printer 
head of the first embodiment; 
Figs. 21 Ato 21 F are schematic perspective views 
explaining steps for fabricating the ink jet printer 
head of the f irst embodiment; 
Figs. 22A and 22B are further schematic per- 
spective views explaining steps for fabricating 
the ink jet printer head of the first embodiment; 
Figs. 23A and 23B are schematic perspective 
views of the fabricated ink jet printer head of the 
first embodiment; 

Fig. 24 is a front view showing the construction 
of the ink jet printer head according to a third em- 
bodiment of this invention as viewed from the 
printing surface; 

Fig. 25 is a right-side view showing the construc- 
tion of th ink jet print r h ad of Fig. 24; 
Fig. 26 is an enlarg d front view showing a nozzle 
portion of the ink jet printer head of Fig. 24; 
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Fig. 27 is an enlarged sectional view showing a 
nozzle portion of the ink jet printer head of Fig. 25; 
Figs. 28A to 28G are schematic sectional views 
explaining the operation of the ink jet printer head 
of Fig. 24; 

Figs. 29A and 29B are timing charts explaining 
the driving voltage of the ink jet printer head of 
Fig. 24; 

Fig. 30 is a block diagram showing the driving cir- 
cuit of the ink jet printer head of Fig. 24; 
Fig. 31 is a front view explaining the water repel- 
lency processing of the orifice plate of the ink jet 
printer head of Fig. 24; 

Fig. 32 is a sectional view explaining the water re- 
pellency processing of the orifice plate of the ink 
jet printer head of Fig. 25; 
Fig. 33 is a front view showing the construction 
of a multi-nozzle version of the ink jet printer head 
of Fig. 24 as viewed from the printing surface; 
Fig. 34 is a right-side view showing the construc- 
tion of the inkjet printer head of Fig. 33; 
Fig. 35 is a block diagram showing the driving cir- 
cuit of the inkjet printer head of Fig. 33; 
Figs. 36A to 36E are schematic perspective views 
explaining the step of fabricating the inkjet printer 
head of Fig. 24; 

Figs. 37A to 37H are schematic perspective 
views explaining the step of fabricating the orifice 
plate of the inkjet printer head of Fig. 24; 
Figs. 38A to 38C are schematic diagrams show- 
ing the construction of a fourth embodiment of an 
ink jet printer head according to this invention; 
Figs. 39A to 39C are enlarged schematic dia- 
grams showing the nozzle portion of the ink jet 
printer head of Figs. 38A to 38C; 
Figs. 40A to 40E are schematic diagrams show- 
ing the construction of a multi-nozzle version of 
the ink jet printer head of Figs. 38A to 38C; 
Fig. 41 is a plane view explaining a method for 
narrowing a nozzle pitch using the ink jet printer 
head of Figs. 40A to 40E; 
Fig. 42 is a schematic diagram showing the con- 
struction of a drum rotation inkjet printer head in 
which the ink jet printer of this invention is instal- 
led; 

Fig. 43 is a schematic diagram showing the con- 
struction of a serial inkjet printer in which the ink 
jet printer head of this invention is installed; 
Fig. 44 is a schematic diagram showing the con- 
struction of a line ink jet printer in which the ink 
jet printer head of this invention is installed; 
Fig. 45 is a block diagram showing the construc- 
tion of a signal processing system and a control 
system in the inkjet printer; and 
Figs. 46A to 46C are schematic diagrams show- 
ing th model of a printing dot in which d nsity 
modulation and area modulation of the dot are 
performed using the inkjet printer h ad of this in- 



vention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

5 

Preferred embodiments of this invention will be 
described with reference to the accompanying draw- 
ings: 

10 (1) Ink Jet Printer Head using Piezo Element 
(1-1) The first embodiment of ink jet printer head 

Figs. 1 to 3 are a top view, front view, and right 

15 side view of the ink jet printer head according to this 
invention. Figs. 4 to 6 are sectional views of the ink 
jet printer head. Fig. 7 is an enlarged sectional view 
of a discharge nozzle section G. Referring to Figs. 1 
to 7, the numeral 1 indicates an orifice, 2 indicates a 

20 first nozzle, 3 indicates a second nozzle, 4 indicates 
a mixing hole, 5 indicates unidirectional valve, 6 indi- 
cates a first cavity, 7 indicates a second cavity, 8 in- 
dicates a first piezo element, and 9 indicates a second 
piezo element. The transparent solvent 10 is supplied 

25 from a transparent solvent tank (not shown) to be sup- 
plied to the first cavity 6 and first nozzle 2 via a first 
supply groove 12 from a first supply pipe 11. 

The ink 13 is supplied from an ink tank (not 
shown) to be supplied to the second cavity 7 and seo 

30 ond nozzle 3 via a second supply groove 15 from a 
second supply pipe 14. The first piezo element 8 and 
the second piezo element 9 are connected to a piezo 
element bracket 19. Pressure is applied to the first 
cavity 6 and second cavity 7 via a first oscillation pan- 

35 el 1 6 and a second oscillation panel 1 7. The numerals 
20,21,22 and 23 designate flexible panels (or wires) 
for applying a driving voltage to the first piezo element 
8 and the second piezo element 9. 

In the inkjet printer head, the discharge operation 

40 is performed in the procedure shown in Figs. 8A to 8J. 
More specifically, the transparent solvent 10 is sup- 
plied to the first nozzle 2 by the pressure of capillary 
action so that a meniscus having a crescent config- 
uration is formed at the orifice 1 with surface tension 

45 (Fig. 8A). During the waiting time before discharge, 
for example, 1 0[V] is applied to the first piezo element 
8 in advance. 

At discharge time, the voltage applied to the first 
piezo element 8 is rendered 0[V] in advance. This 

so compresses the first piezo element 8, increases the , 
volume of the first cavity 6 with the result that the in- 
ternal pressure becomes negative, and the transpar- 
ent solv nt 1 0 is introduced into th first nozzle 2 (Fig. 
8B). At the same time, or a little later, a driving voltage 

55 of, for example, 10[V] is applied to the second piezo 
lement 9. An internal pressure is applied to the sec- 
ond cavity 7 and the second nozzle 3 via the second 
oscillation panel 17 with expansion of the second pie- 
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zo element 9 in the longitudinal direction. 

The ink 13 in the second nozzle 3 and the trans- 
parent solvent 10 in the first nozzle 2 are separated 
by the unidirectional valve 5 during the waiting time. 
The internal pressure presses and opens the unidir- *5 
ectional valve 5 and causes the ink 13 to be pushed 
out into the first nozzle 2 through the mixing hole 4 
(Fig. 8C). The amount of ink 13 that is pushed out is 
controlled by the voltage value of the driving voltage 
pulse applied to the second piezo element 9 or a pulse 10 
width. 

When the voltage pulse ceases to be applied to 
the second piezo element 9, the second piezo ele- 
ment 9 returns to the original size. At this time, the in- 
ternal pressure of the second cavity 7 becomes neg- 15 
ative, and the ink will go back to the second nozzle 3 
against the current. However, since the unidirectional 
valve 5 closes here, the ink that has been pushed out 
remains in the first nozzle 2 (Fig. 8D). The negative 
pressure in the first cavity 6 generated by the com- 20 
pression of the first piezo element 8 returns to the 
original state so that the transparent solvent is resup- 
plied to the first nozzle 2 (Fig. 8E). 

Next, 20[V] is applied as a drive signal to the first 
piezo element 8 with the result that an internal pres- 25 
sure is applied to the first cavity 6 and the first nozzle 
2 via the first oscillation panel 16. The internal pres- 
sure integrates the transparent solvent 10 with the 
pushed out ink 13 so that a liquid ink drop of a prede- 
termined density is discharged from the orifice 1 30 
(Figs. 8F to 8H). 

When the voltage applied to the first piezo ele- 
ment 8 is lowered to 1 0[V] after this, the internal pres- 
sure in the first cavity 6 and the first nozzle 2 be- 
comes negative with the compression of the first pie- 35 
zo element 8 ( , so that the transparent solvent 10 is in- 
troduced into the first nozzle 2 (Fig. 81). The internal 
pressure of the first cavity 6 and the first nozzle 2 
soon returns to the original state. The transparent sol- 
vent 1 0 is resupplied to the first nozzle 2 with the pres- 40 
sure of capillary action (Fig. 8J). 

In this series of operations, the unidirectional 
valve 5 serves to prevent the unnecessary natural 
mixing caused by the dispersion of the ink 13 and the 
transparent solvent 10 during the waiting time, the 45 
valve 5 serves to prevent the reverse flow of the ink 
when the distortion of the second piezo element 9 re- 
turns to normal after the ink is pushed out, and the 
valve 5 also serves to prevent the infiltration of the 
transparent solvent 10 into the second nozzle 3 via so 
the mixing hole 4 with the discharge pressure at dis- 
charge time. 

Her , in this case of the ink j t print r head, th 
unidirectional valve 5 is provided with a projecting 
section in a panel-like substrate as shown in any of 55 
Figs. 9Ato 9C. A radial slit is processed and form d 
n the proj cting section. In addition, in the operation 
shown in Figs. 8A to 8J, voltage is applied to the f irst 



piezo element 8 during the waiting time, and the vol- 
tage is turned off when or before the ink is pushed 
out. Introducing the transparent solvent into the first 
nozzle 2 prevents the ink or the transparent solvent 
from being pushed outfrom the orifice 1 when the ink 
is pushed out. 

A signal voltage is applied to the first piezo ele- 
ment 8 and the second piezo element 9 at the timing 
( shown in Figs. 10Aand 10B. In Figs. 10Aand 10B, the 
* axis of the abscissa represents time, whereas the 
axis of the ordinate represents voltage. In the case of 
the embodiment, the discharge cycle is represented 
by 1 [msec] (a frequency of 1 [kHz]). During the cycle, 
the ink is quantified and mixed and the liquid ink drop 
is discharged. The time in Figs. 8Ato 8J is shown in 
the timing chart. It is required that the ink 13 pushed 
out in Figs. 8C and 8D is contained in the liquid ink 
drop that is to be discharged and that the ink 13 not 
remain in the first nozzle 2. 

The mixing ratio of the ink for preventing the ink 
from remaining in the first nozzle 2 in actuality de- 
pends on various conditions such as the discharge 
frequency and the like. In the ink jet printer head of 
the embodiment, the mixing ratio is experimentally 
■ set at 70 [%] or less. Consequently, to obtain suffi- 
cient maximum density, it is required that the ink have 
a sufficient density. When the ink hasa density of 70 
[%] in terms of the mixed weight percentage, the ink 
contains a dye so that the printing density is given a 
reflection density of 1.5, or, preferably, a reflection 
density of 2.0 or more. 

The drive circuit of the ink jet printer head of this 
invention is constituted as shown in Fig. 11 so that 
digital half tone data is supplied from another block. 
Then, the serial/parallel conversion circuit 111 sends 
the digital half tone data to each ink quantifying sec- 
tion (second piezo element) control circuit 113, and a 
discharge control circuit 114. If the digital halftone 
data supplied from the serial/parallel conversion cir- 
cuit 111 assumes a value less than a threshold value, 
the ink is not quantified and discharged. 

10[V] is applied to the first piezo element where- 
as 0[ V] is applied to the second piezo element. At the 
time of printing, a printing trigger is output from other 
blocks. A timing control circuit 112 detects the printing 
trigger to output a control signal to the ink quantifying 
section and the discharge control signal to the ink 
quantifying section control circuit 113 and the dis- 
charge control circuit 114. Each signal is output at the 
aforementioned timing with respect to Figs. 10A and 
10B. 

The timing control circuit 112 provides a timing at 
which the applied voltage to the first piezo element is 
changed in the order of 10[V] to 0[V] to 20[V] and to 
10[V] so that the discharge control circuit 114 applies 
the aforemention dpredet rmin d voltage to the dis- 
charg section (first piezo element) 116 in accor- 
dance with the aforemention d variation. 
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At the same time, the timing control circuit 112 
provides a timing at which the applied voltage to the 
second piezo element is changed in the order of 0[V] 
to 1 0[V] and to 0[V] to the ink quantifying section con- 
trol circuit 113 so that the ink quantifying section con- 
trol circuit 113 applies the predetermined voltage to 
the ink quantifying section (second piezo element) 
115. This causes the second piezo element 9 to push 
out a predetermined amount of ink to the first nozzle 
2. 

The main dimension of the ink jet printer head in 
this particular embodiment is set as follows: the ori- 
fice 1 has a pitch of 0.338 [mm] (75 [dpi]) and the first 
and second piezo elements 8, 9 have a size of 0.15 
x 0.5 x 3 [mm]. In addition, the orifice 1 has a rectan- 
gular shape that is 20 [urn] on the side. The first noz- 
zle 2 and the second nozzle 3 have a cross section 
configured into a rectangular shape of 20 [uin], and 
the round ink mixing hole is formed at 20 [urn]. 

In accordance with the aforementioned embodi- 
ment, the ink jet printer head is composed of a single 
nozzle head. However, this invention is not only lim- 
ited to this, but the ink jet printer head can be com- 
posed of a multiple-nozzle head corresponding to 8 
nozzles or more, for example, 32 nozzles, 64 nozzles, 
100 nozzles, or a full-line multiple head correspond- 
ing to the total width of the printing paper. Incidentally, 
the orifice pitch is set at 0.338 [mm], or 75 [dpi]. When 
the resolution is insufficient, as shown in Fig. 12, four 
heads are arranged by shifting the position of each 
head by one fourth pitch or 84.5 [urn] so that a reso- 
lution of 300 [dpi] is obtained. In such a case, the noz- 
zle number is set to 32 nozzles. 

(1-2) The second embodiment of ink jet printer head 

Here, with respect to a method for mixing the ink 
with the transparent solvent, the discharge of the ink 
can be eliminated on demand. In the above-described 
first embodiment, when the digital half tone data as- 
sumes a value less than a predetermined threshold 
value, the ink is neither quantified nor discharged. In 
other words, it has been constituted so that no char- 
acters are printed. However, it is possible to discharge 
the ink at all times. In other words, it is possible to print 
characters at all times. 

More specifically, in the case of the ink jet printer 
head, as shown in Figs. 13 to 18 in which like numer- 
als designate sections corresponding in Figs. 1 to 6, 
only the piezo element for quantifying and mixing the 
ink is constituted in a multiple construction; the dis- 
charge side comprises one piezo element so that the 
ink is discharged from a plurality of nozzles at the 
same time. This simplifi s the construction of the cir- 
cuit and simplifies the head construction itself so that 
the number of sections can be r duced. 

In this cas , the transparent solvent is print d to 
express white. This can simplify the discharge control 



circuit section of driving circuit of the head as shown 
in Fig. 19. In this case, it can simplify the discharge 
control circuit 124. Thus, it is not necessary to con- 
nect the serial/parallel conversipn circuit 121 to the 
5 discharge control circuit 124. It is also possible to 
make the piezo element 126 operate uniformly in ink 
discharge. 

(1-3) Method for preparing the ink jet printer head 

10 

Here, as a method for preparing an ink jet printer 
head according to the first or second embodiment, 
Figs. 20, 21Ato 21F, 22Aand 22B, and 23Aand 23B 
show the fabrication and assembly processes (with 
15 detail relating to the first embodiment). For simplifi- 
cation, the ink jet printer is described as a head having 
a single nozzle head. At the outset, in the fabrication 
of the head section, a groove having a width of 30 
[urn] and a depth of 30 frim] is formed on the end face 
20 of a glass 301 having a thickness of 0.3 [mm], by dic- 
ing. In addition, a panel 302 is prepared from stain- 
less steel having a thickness of 50 [urn] by etch proc- 
essing a cavity, a supply groove, and a supply hole. 
In the same manner, a supply hole is etch processed 
25 to prepare a panel 303 on stainless steel having a 
thickness of 50 [urn]. These panels 302 and 303 are 
laminated together with an epoxy adhesive agent to 
form a component 304. 

Figs. 21 A to 21 F show the preparation of the uni- 
30 directional valve section. The unidirectional valve is 
prepared by the photoelectroforming method. A crat- 
er-like hollow 306 having a diameter of 20 him], a 
depth of 5 frim] is formed on the stainless steel panel 
305 which serves as a matrix (Fig. 21 A). Subsequent- 
35 ly, the panel matrix is subjected to pretreatment 
(peel-off film treatment), and a photoresist is coated 
on it, exposed, and developed. As an original panel to 
be used for exposure, a pattern is used which has a 
cross-like configuration. On the hollow 306, which 
40 has been prepared onto the matrix 305 in advance, a 
cross-like resist pattern 307 having a width of 3 [urn] 
is allowed to remain (Fig. 21 B). 

Next, nickel is plated (308) onto the matrix 305 on 
which a resist pattern 307 is formed (Fig. 21 C). The 
45 nickel plating has a thickness of 1 to 1 0 [urn], or, pre- 
ferably, a thickness of 3 to 5 [urn]. In this state, the 
photoresist is coated again, exposed, and developed. 
At this time, the original panel for exposure uses a 
pattern such as that shown in the Fig. 21 C. Acolumn- 
50 like resist 309 is allowed to remain on the cross-like 
pattern (Fig. 21 D). Subsequently, the nickel plating 
has a thickness of 5 to 30 [urn], or, preferably, a thick- 
ness of 10 to 20 [^m] (Fig. 21 E). After plating, the re- 
sist is r moved, and the plated nickel film is peeled 
55 off the matrix to obtain a thin nickel panel 310 having 
a cross slit in the hemisph rical recessed section 
shown in Fig. 21 E (Fig. 21 F). 

Next, the head section component 304 process- 
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ed in Fig. 20 and the thin nickel pan I 31 0 of the uni- 
directional valve section are assembled as shown in 
Figs. 22A and 22B. In other words, at the outset, a 
stainless st I panel 311 with a thickness of 0.3 [mm] 
is prepared in such a manner that the open section 5 
thereof as shown in Figs. 22A and 22B is formed by 
etching or wire cutting. As described in conjunction 
with Figs. 20, and 21 A to 21 F, the prepared compo- 
nent 304 and a component 304' which is a mirror im- 
age of the component 304 (the component 304' may 10 
be of the same shape as the component 304), the thin 
nickel panel 31 0, and the stainless steel panel 31 1 are 
assembled and bonded together as shown in Figs. 
22A and B. After the components 304 and 304', the 
thin nickel panel 310, and the stainless steel panel 15 
311 are bonded, surfaces C shown in Fig. 22B are 
ground and smoothed. In this process, the dimension 
of each section and grinding cost are estimated in ad- 
vance so that the distance from the center of the uni- 
directional valve 5 to the grinding surface becomes 30 20 
to 40 [urn]. 

Lastly, as shown in Figs. 23Aand 23B, the orifice 
panel 312, the piezo element 313, and the piezo ele- 
ment bracket block 314 are assembled and bonded, 
thereby completing the ink jet printer head in this 25 
manner. Incidentally, a laminate type piezo element is 
used as the piezo element, in which a laminated piezo 
element is cut in a leaflet-like configuration. 

(1-4) Advantage of the first and second 30 
embodiments 

In the aforementioned construction, the ink and 
the transparent solvent are quantified and mixed in 
accordance with the density data for each of the given 35 
pixels. The liquid ink drop having the density based on 
the density data for each of the given pixels is depos- 
ited onto the recording medium by depositing the 
mixed ink liquid onto the recording medium to repre- 
sent, in a simple construction, a half tone with certi- 40 
tude in accordance with the density data. 

Furthermore, the ink jet printer head having the 
aforementioned construction can record a high gra- 
dation representation for one pixel, thereby enabling 
a high-quality continuous gradation recording and a 45 
density scale representation with a printing density 
for one dot unit that cannot be represented in the prior 
art. In addition, a unidirectional valve having a slit 
processed on the panel can prevent the unnecessary 
natural mixing of the ink and the transparent solvent, 50 
with the result that the supply amount of the ink and 
the transparent solvent can be quantified and con- 
trolled very accurat ly, thereby nabling a high- 
quality continuous gradation recording. 

Furthermore, the aforementioned construction 55 
allows the spillov r of the ink and the transparent soJ- 
v nt from th orifice by introducing the transparent 
solvent and the ink before pushing the ink out or the 



transparent solvent, thereby, the amount of ink and 
the transparent solvent supplied can be quantified 
and controlled very accurately. Still furthermore, the 
aforementioned construction enables the prevention 
of the reverse flow of the ink with certitude by includ- 
ing a unidirectional valve in a configuration having a 
radial slit provided on the recessed section, and pre- 
paring a very precise unidirectional valve with the 
photoelectroforming method. 

(2) Ink Jet Printer Head using Heating Element 

(2-1) The third embodiment of ink jet printer head 

Figs. 24 and 25 show the main portion of the ink 
jet printer head according to the third embodiment of 
this invention, and Figs. 26 and 27 show, enlarged, 
the discharge port of the ink jet printer head. In Figs. 
24 and 25, a head tip T adheres to a base B, the trans- 
parent solvent 31 is supplied from a transparent sol- 
vent puddle 45 in the base B to a first connection 
groove 43 of the head tip T, and the ink 32 is supplied 
from an ink puddle 46 in the base B to a second con- 
nection groove 42 of the head tip T. In the head tip T, 
the transparent solvent 31 is supplied to a first cavity 
39 through the first connection groove 43 and a first 
supply groove 41 and is kept in the cavity by capillary 
attraction. In a first orifice 35, the transparent solvent 

31 forms meniscus M1 having a crescent configura- 
tion. 

The ink 32 is supplied to a mixing groove 38 
through a second connection groove 44 and a second 
supply groove 42, and a second cavity 40, and is kept 
in the mixing groove by capillary attraction. In a sec- 
ond orifice 36, the ink 32 forms meniscus M2. A first 
heating element 33 and a second heating element 34 
are so arranged that they are close to the first cavity 
39 and the second cavity 40 respectively, as shown 
in the figure. The transparent solvent 31 and the ink 

32 having various different compositions can be 
used. In this embodiment, the transparent solvent 31 
in which interface activator is added to pure water is 
used and the ink 32 being aqueous is used. 

Figs. 28A to 28G show the discharge operation of 
the ink jet printer head. The transparent solvent 31 is 
supplied to the first cavity 39 by capillary attraction, 
and forms meniscus M1 at the orifice 35 by surface 
tension. The ink 32 is supplied to the mixing channel 
38 through the second cavity 40 by capillary attrac- 
tion, and forms meniscus M2 at the second orifice 36 
(Fig. 28A). The voltage pulse is supplied to the sec- 
ond heating element 34, so that the ink 32 film-boils 
and on or more bubbles B2 are generated on the 
heating element 34 to raise Internal pressure of the 
second cavity 40. Thereby, the ink 32 is pushed out 
from th second orifice 36 to the mixing portion 37 
(Fig. 28B). The amount of the ink 32 pushed out is 
controlled by the voltage value of driving voltage 
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pulse or pulse width which is supplied to the second 
heating element 34. 

Then, the voltage pulse is supplied to the first 
heating el m nt 33 and bubbles B1 ar generated to 
raise int rnal pressure of the first cavity 39. Thereby, 
the transparent solvent 31 starts to jet out of the ori- 
fice 35, and the ink 32, which has been pushed out to 
the mixing portion 37, is united to the transparent sol- 
vent 31. At this time, or before this, the voltage pulse 
to the heating element 34 is turned off, bubbles B2 
immediately disappear, and the internal pressure of 
the second cavity 40 drops. Therefore, the transpar- 
ent solvent 31 and the ink 32 are separated near the 
second orifice 36, and the ink 32 is introduced toward 
the second cavity 40 (Fig. 28C). 

In Fig. 28D, the transparent solvent 31 in which 
the ink 32 jetted out of the first orifice 35 is mixed fur- 
ther grows as a column of liquid. The ink 32 begins to 
be supplied to the second cavity 40 and the mixing 
groove 38 again. In Fig. 28E, the voltage pulse to the 
heating element 33 is turned off, the bubbles B1 start 
to shrink, and the transparent solvent 31 is introduced 
toward the cavity 39, so as to produce a narrowing in 
the column of liquid. The ink 32 is supplied to the mix- 
ing channel 38 again. In Fig. 28F, the column of liquid 
is pulled out and separates into a drop D of mixed liq- 
uid, consisting of independent ink and transparent 
solvent, and the satellite S thereof to jet toward the re- 
cording medium direction. The meniscus M1 of the 
transparent solvent 31 backs into the first cavity 39. 
In Fig. 28G, the transparent solvent 31 is supplied to 
the first cavity 39 again and returns to the state of the 
early stage. 

A succession of the above operations is one of 
various possible methods, and the timing or the state 
of each operation, such as a column shape of liquid, 
re-supplying operation, and absence of a drop of sat- 
ellite liquid, are changed depending on the construc- 
tion element such as the size of orifice, the physical 
element such as viscosity of ink 32 or transparent sol- 
vent 31 and surface tension, and the operation con- 
dition such as discharge frequency. The ink density 
of the drop D of mixed liquid is determined by the 
amount of ink 32 pushed out of the second orifice 36, 
as shown in Fig. 28B, and is controlled by the ampli- 
fication or the pulse width of the driving voltage pulse 
supplied to the heating element 34 as described 
above. When the amplification or the pulse width is 
enlarged, the amount of ink 32 is increased, and when 
it is diminished, the amount of ink 32 is decreased. 
The changeable range of the amplification and pulse 
width is set to the optimum value. The aperture area 
of the second orif ic 36 is less than the aperture area 
of the first orifice 35, preferably, less than a half area 
of the first orifice 35. Thus, the ink 32 can be quanti- 
f i d with higher accuracy. 

Figs. 29A and 29B show the timing of the signal 
voltage to be supplied to the first heating element 33 



and the second heating element 34, and the axis of 
abscissas indicates time and the axis of ordinates in- 
dicates voltage. In this embodiment, during the dis- 
charge cycle which is 200 [usee] (frequency is 5 

' 5 [kHz]), the ink 32 is quantified and mixed, and a drop 
of ink is discharged. Respective points in time of Figs. 
28A to 28G are shown in the timing chart. The dis- 
charge cycle, that is, the cycle for applying the driving 
, voltage to the first heating element 33 is fixed to 200 

10 [\xsec], and the timing to push the ink 32, that is, the 
timing for turning on the driving voltage pulse to be 
added to the second heating element 34 is advanced 
or is delayed (the timing for turning off is fixed) to 
change the pulse width. 

15 It is necessary that all of the ink 32 which has 

been pushed in Fig. 28B is included in a drop of dis- 
charged ink and does not remain in the mixing section 
37. The mixing ratio of ink 32 such that the ink 32 does 
not remain in the mixing section 37 is, from experi- 

20 ment, less than 50 [%] in mixed weight percentage, 
which is depending on the condition such as dis- 
charge frequency, in the ink jet printer head of this 
embodiment. Therefore, because it is needed that the 
ink 32 have enough density to obtain the enough max- 

25 , imum density, when the ink 32 has the mixing weight 
percentage, 50 [%], the ink 32 is arranged to contain 
coloring (dye or pigments), so that the printing density 
can obtain 1.5 reflection density, preferably, more 
than 2 reflection density. In this embodiment, an aqu- 

30 eous ink is used as the ink 32 and a mixture of pure 
water and interface activator is used as a transparent 
solvent 31. However, this invention can also use an 
oily ink and an oily solvent. 

Fig. 30 shows the driving circuit of ink jet printer 

35 head according to this embodiment. Digital half tone 
data is supplied from another block and is sent to the 
second heating element driver 133 by a data transfer 
circuit 131. When digital half tone data is under the 
predetermined threshold value, two heating elements 

40 33, 34 are not driven. At the timing of discharge, dis- 
charge trigger is outputted from another block, which 
is detected by a timing control circuit 1 32, and second 
and first heating element enable signals are output- 
ted to the second and first heating element drivers 

45 1 33 and 1 34, respectively, at a predetermined timing. 
Respective signals are outputted at a timing as 
shown in Figs. 29A and 29B. 

In case that the ink 32 is mixed to the transparent 
solvent 32, the discharge of the ink can be eliminated 

so on demand. In this embodiment, when digital halftone 
data is under the predetermined threshold value, both 
of ink quantification and discharge are not per- 
formed, that is, nothing is printed. Howev r, the dis- 
charge can be constantly performed, that is, the print- 

55 ing can be constantly performed. In this case, the 
transpar nt solvent 31 is printed to xpress whit . 

Further, in this embodiment as described above 
in relation to Figs. 29A, 29B and 30, the quantification 



8 



15 EP 0 655 337 A2 16 



of ink 32 is performed by changing the driving pulse 
width to the second heating element 34, but it is also 
possible to use a method in which the voltage value 
of the driving pulse is changed, as described above. 
Each size in ink jet printer head of this embodiment is 
as follows: the heating elements 33, 34 are 60 by 60 
[urn] square; the orifices 35, 36 are 30 [|im] in diam- 
eter the first and second cavities 39, 40 are 105 [urn] 
in diameter and 35 frim] in depth; the section of the 
mixing channel 38 is 10 by 10 hum] square; and the 
mixing portion 37 is 75 [urn] in diameter and 25 [*im] 
in depth. 

Further, the water repellency processing is per- 
formed on the orifice plate. As shown in Figs. 31 and 
32, by performing the water repellency processing on 
at least only the surface C of the mixing portion 37 
(slant line in figure), the meniscus M1, M2 of the 
transparent solvent 31 and the ink 32 are stable and 
the orifices 35, 36 can be formed, so that the ink 32 
and transparent solvent 31 are prevented from un- 
necessary spontaneous mixing. The water repellency 
processing is performed by coating with, for example, 
fluororesin. The water repellency processing can be 
performed not only on the surface C but on the whole 
orifice plate or a part of the orifice plate including the 
surface C. 

Figs. 33 and 34 show a multiple-nozzle construc- 
tion of ink jet printer head of the third embodiment. 
The ink jet printer head in this embodiment has the 
same basic construction as the ink jet printer head in 
Figs. 24 and 25. Here, thirty-two ink jet printer heads 
are provided in two rows in which a pair of sixteen ink 
jet printer heads each having the construction of Figs. 
24 and 25 are arranged in line. 

Each ink jet printer head pitch is 170 [^im] as 
shown in Figs. 33 and 34, and the left ink jet printer 
head group is shifted by a half pitch of 85 [urn] from 
the right ink jet printer head group. Therefore, one 
scan can perform a record of 32 dot (about 2.7 [mm] 
width) which is 12 dot (300 [dpi]) for 1 [mm]. In respec- 
tive right and left groups, the first connection groove 
43 and the second connection groove 44 provided on 
the head tip T have long hole to which sixteen first 
supplying grooves 41 and sixteen second supplying 
grooves 42 are connected. 

The operation of this ink jet printer head is the 
same as the ink jet printer head of Figs. 24 and 25, 
and it operates in accordance with the operation prin- 
ciple of Fig. 28 and the timing chart of Fig. 29. Fig. 35 
shows the block diagram of the driving circuit of the 
ink jet printer head. A half tone digital data is supplied 
from another block or blocks, and sent to each second 
heating el ment driver 143 by th serial/parallel con- 
verting circuit 141. 

At the printing timing, the printing trigger is out- 
putted from another block(s), and th n is det ct d by 
th timing control circuit 142 to resp ctively output a 
second heating element enable signal and a first 



heating element enable signal to the second heating 
element driver 143 and the first heating element driv- 
er 144 at a predetermined timing. 

Each second h ating element 145 is controlled 

5 by the second heating element driver 143 in accor- 
dance with the second heating elementenable signal, 
thereby the ink having a predetermined amount is 
supplied from the second orifice 36 to the mixing por- 
tion 37. On the other hand, each first heating element 

10 146 is controlled by each first heating element driver 
144 in accordance with the first heating element en- 
able signal, so that the transparent solvent and ink 
are discharged with mixing. 

15 (2-2) The method for manufacturing ink jet printer 
head 

Next, a method for manufacturing ink jet printer 
head in this third embodiment will be described below 

20 (with detail relating to the single-nozzle construc- 
tion). Figs. 36A to 36E show the processing and as- 
sembly process. First, a heating resistor 402 such as 
ZrB 2 and TaAl and an electrode 403 such as alumi- 
num and copper are formed on a substrate 401 such 

25 as Si or an aluminum oxide by selection etching. The 
surface is covered with a protection layer such as 
Si0 2 if necessary (Figs. 36A and 36B). Next, a 
through-type hole 404 is processed on the substrate 
401 by ultrasonic processing (Fig. 36C). Then, a dry 

30 film resist 405 (35 [mm] thickness in the embodiment) 
is laminated to the substrate 401, and a photo mask 
having a specific pattern is superimposed to be ex- 
posed. Thereafter, a portion of dry film photo resist 
405 which is not exposed is melted and removed by 

35 a specific developing solution, and an intermediate 
product is obtained (Fig. 36D). Lastly, as shown in 
Fig. 36E, the orifice plate 406 is heat laminated or ad- 
hered, so as to finish the head tip T. 

Figs. 37A to 37H show the method for manufac- 

40 turing the orifice plate 406. The orifice plate 406 is 
manufactured based on the electroforming. A base 
metal 410 such as stainless-steel is laminated with a 
dry film resist or is coated with a liquid resist, and is 
exposed and developed to obtain a resist pattern 411 

45 (Fig. 37A). Ni is electroformed (electroplating) with 
the same thickness as the dry film to obtain the Ni 
pattern 412 (Fig. 37B). Thereon, the Ni pattern 412 
is laminated with the dry film or is coated with the liq- 
uid resist which have 10 [*m] thickness each, and is 

so exposed and developed so as to form the resist pat- 
tern 413 (Fig. 37C). As same as Fig. 37B, Ni is elec- 
troformed with the same thickness as the resist to ob- 
tain the Ni pattern 414 (Fig. 37D). 

Further, the Ni pattern is laminated with the dry 

55 film resist or is coated with the liquid resist, and is ex- 
pos d and developed to form the resist pattern 415 
(Fig. 37E). Thereon, Ni film 416 is formed by spatter- 
ing or vapor deposition (Fig. 37F). Ni is electroformed 
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with the thickness which is less than the resist 415 to 
obtain the Ni pattern 417. Lastly, the resist is, re- 
moved by the resist remover solution such as KOH or 
NaOH solution, and Ni is pe led from th base metal 
410 to obtain the orifice plate 406 (Fig. 37H). 

In this embodiment, Ni is used as a metal for elec- 
troforming. However, other metals such as copper or 
chromium or a combination including these can be 
used. Also, there is a case where gold plating is ap- 
plied, at the end, for preventing corrosion. The diam- 
eter of the mixing portion 37 of the orifice plate is larg- 
er than that of orifice 35, so as to prevent the trans- 
parent solvent 31 from invasion to the mixing portion 
37 at waiting time for discharge, by utilizing capillary 
attraction. Therefore, at waiting time for discharge, 
there is no touch between transparent solvent 31 and 
ink 32, and they are not mixed spontaneously. 

Furthermore, the ink jet printer head in this em- 
bodiment is characterized in the construction that the 
channel for conducting ink 32 to the mixing portion 37 
and the mixing groove 38 are provided in the orifice 
plate 406. Such construction enables ink 32 to be 
mixed to transparent solvent 31 immediately before 
discharge. As described above, the orifice plate 406 
is heat laminated or adhered to the intermediate 
goods obtained in Fig. 36D, as shown in Fig. 36E, and 
the head tip T is formed. The head tip T is adhered to 
the base B as shown in Figs. 24 and 25. In this way, 
the ink jet printer head is manufactured. 

(2-3) The fourth embodiment of ink jet printer head 

Figs. 38Ato 38C show the main portion of a fourth 
embodiment of ink jet printer head according to this in- 
vention and Figs. 39Ato 39C show, enlarged, the dis- 
charging portion. The ink jet printer head shown in 
Figs. 24, 25,' 33, and 34 is called a side shooter type 
from a form of the heating elements 33, 34 which 
have been provided. However, in this fourth embodi- 
ment, the heating elements 33, 34 are used with a 
form of edge shooter type. Fig. 39 shows the enlarged 
view of the discharging nozzle portion and Fig. 40 
shows the multiple-nozzle embodiment. This exam- 
ple describes a case of 8 nozzles but the number of 
nozzles is not limited. 

In Fig. 41 , two multi-nozzle heads of Figs. 40Ato 
40E are used in which the heads are shifted by a half 
pitch each other and the resolution and the number of 
nozzles is doubled. In Figs. 40Ato 40E, the pitch of 
orifice (first orifice) is 1 70 [urn] which corresponds to 
the resolution of about 6 [dot/mm] (150 [dpi]). As 
shown in Figs. 31 and 32, the water repellency proc- 
essing can be p rfbrmed on the Inkjet print r head of 
Figs. 38Ato 38C, 39Ato 39C, 40Ato 40D, and 41 as 
well as the ink jet printer head of Figs. 24, 25, 33, and 
34 • 



(2-4) Advantage of the third and fourth 
embodiments 

In accordanc with the above construction, the 
5 high gradation recording can be performed per pixel, 
so as to perform the continuous gradation recording 
with high quality. There has been a limitation on the 
reduction in size of liquid drop producible using the 
conventional modulation of size of drop, and especial- 
10 ' ly, the expression of low concentration portion has 
not been satisf ied. However, these embodiments of 
the present invention can change the concentration 
of drop freely, so as to enable recording of high qual- 
ity gradation including from high concentration por- 
ts tion to low concentration portion while keeping the 
drop of liquid small. Moreover, it is not necessary to 
use the suspected area gradation method such as 
dithering method, and the ink jet printer head which 
can record the gradation without the degrading of re- 
20 solution can be realized. 

t 

(3) Construction of Ink Jet Printer Head 

Figs. 42 to 44 show the construction of ink jet 
25 , printers in which an ink jet printer head according to 
the invention may be installed. Fig. 42 shows the con- 
struction of the drum rotation type oMhe ink jet pnn- 
ter. The printing paper 222 as the material to be print- 
ed is wound around an external circumference of the 
30 drum 223 to be fixed in a predetermined position. On 
the external circumference of the drum 223, a feed 
screw 224 is provided in parallel to the axial direction 
of the drum, and a head 221 is threaded on the feed 
screw 224. Then, the rotation of the feed screw 224 
as moves the head 221 in the axial direction. In addition, 
the drum 223 is rotated and driven by a motor 228 via 
a pulley 225, a belt 226, and a pulley 227. Further- 
more, a drive controller 229 drives and controls the 
rotation of the feed screw 224 and the motor 228 and 
40 the drive of the head 221 based on printing data and 
a control signal 230. 

In such a construction, when the drum 223 ro- 
tates, the head 221 discharges ink in synchronization 
with the rotation of the drum 223, thereby forming an 
45 image on the printing paper 222. When the drum 223 
rotates one turn to complete printing of one row in the 
circumferential direction on the printing paper 222, 
the feed screw 224 rotates to move the head 221 by 
one pitch, thereby printing the next row. In such a 
so case, there is another method available in which the 
drum 223 and the feed screw 224 are rotated at the 
same time to gradually move the head 221 while 
printing. On the one hand, in the case of a multiple- 
nozzle head and a construction for repetitive printing 
55 of the same section, such a step feed is appropriate. 
On the other hand, in the case of a singl nozzl and 
a multiple nozzle having a few nozzl s, the drum 223 
and th feed screw 224 are associated with each 



10 



t 



19 



EP 0 655 337 A2 



20 



other to perform spiral printing while rotating the drum 
223 and the feed screw 224 at the same time. 

Fig. 43 shows a construction of a serial ink jet 
printer. In such a case, the serial ink jet printer has ap- 
proximately the same construction as the drum rota- 
tion printer shown in Fig. 42. The printing paper 222 
is not wound around the drum 223. Instead the print- 
ing paper 222 is pressed against and held at the drum 
223 by a paper pressing roller 231 provided in parallel 
with the axial direction. In such a case, the drum 223 
is rotated by one line to print the next line. The head 
221 moves either in the same direction or in the reci- 
procal direction. 

Fig. 44 shows a construction of a line ink jet prin- 
ter. In this case, a line head 232 having a plurality of 
heads 221 arranged in a linear configuration is fixed 
and provided in the axial direction in place of a serial 
head 221 and the feed screw 224 shown in Fig. 43. 
In such a construction, the line head 232 prints one 
complete line at a time. Upon completion of the print- 
ing, the drum 223 is rotated by one line to print the 
next line. In this case, methods can be considered in 
which all of the lines are printed at one time, all of the 
lines are printed with dividing into a plurality of blocks, 
and all of the lines are printed alternately every other 
line. 

Fig. 45 shows the construction of a printing and 
control system which may be used in the ink jet prin- 
ters of Figs.42 to 44. A signal 51 such as printing data 
is entered into a signal processing control circuit 52 
and is arranged in the printing order at the signal proc- 
essing control circuit 52 and is transmitted to the 
head 54 via a driver 53. The printing order depends 
on the construction of the head and the printing sec- 
tion. Printing data is temporarily recorded in a mem- 
ory 55 such as a line buffer memory or a one frame 
memory as needed, depending on the relationship to 
the input order of the printing data. A gradation signal 
and a discharge signal are output to the head 54. 

Incidentally, if the multiple head has a large num- 
ber of nozzles, an IC is installed on the head 54 to re- 
duce the number of wires connected to the head 54. 
In addition, a correction circuit 56 is connected to the 
signal processing control circuit 52 to perform y-cor- 
rection, color correction, and deviation correction for 
each head. The correction circuit 56 stores predeter- 
mined correction data in a ROM map mode. General- 
ly, the correction circuit 56 is constituted so that the 
correction data is fetched in accordance with external 
conditions such as the nozzle number, temperature, 
and input signal. 

G nerally, th signal processing and control cir- 
cuit 52 is composed of a CPU and a DSP to op rate 
using software. The processed signal is sent to each 
type of controller 57. In each type of controller 57, a 
motor is driven and synchronized which rotates and 
drives, for xampl , the drum 223 and the f d screw 
224. The head is cleaned and the f ed and discharge 



of the printing paper 222 is controlled. In addition, it 
is to be noted that the signal 51 consists of an oper- 
ation section signal and the external control signal. 

5 (4) Other embodiments 

In the aforementioned embodiments, the quanti- 
ty of ink in the mixture of ink and transparent solvent 
was varied so as to modulate the density of the resul- 
10 tant liquid drop. However, the quantities of both com- 
ponents can be variably controlled, or the quantity of 
transparent solvent in the mixture can be varied so as 
to achieve the desired density modulation. In the lat- 
ter case, the construction and operation of the ink jet 
15 printer head can be effectively the same as in the 
above-described preferred embodiments. However, 
for reasons explained above, the mixture ratio of the 
transparent solvent would have a maximum of the or- 
der of 70 % or 50 %. Consequently, on the one hand, 
20 the soft tone dot representation, or a representation 
in a highlighted area is limited. On the other hand, 
with respect to the shadowed area, this invention is 
advantageous since it is not necessary to increase 
the density of the ink in advance to obtain a sufficient 
25 density in the shadowed area as in the case where 
the ink is mixed with the transparent solvent. 

In the aforementioned embodiments, the ink den- 
, sity of the liquid ink drop is modulated, but it may be 
possible to incorporate into the above operation a 
30 method of modulating the size of the liquid ink drop. 
Incidentally, the aforementioned ink jet printer head of 
the first embodiment allows the variation of the vol- 
tage value of the voltage pulse applied to the piezo 
element 8 for discharge, or a pulse width to change 
35 the size of the liquid ink drop. This enables a grada- 
tion recording having a wide dynamic range. 

For example, as shown in Fig. 46A, a method can 
be used in which, with the density of the liquid inkdrop 
being maximized from the dense side, only the size 
40 of the liquid ink drop is reduced, with the result that 
when the size of the liquid ink drop is minimized, so 
the density of the liquid ink drop may be gradually re- 
duced. Otherwise, as shown in Fig. 46B, with the size 
of the liquid inkdrop being maximized from the dense 
45 side, only the density of the liquid ink drop is gradually 
reduced, with the result that, when the liquid ink drop 
density assumes a predetermined value, the size of 
the liquid ink drop is reduced. In addition, as shown 
in Fig. 46C, a method can be adopted in which both 
50 the density and the size of the liquid ink drop are re- 
duced at the same time. 

While there has been described in connection 
with th drawings various pref rred embodiments of 
the invention, it will be obvious to those skilled in the 
55 art that various changes and modifications may be 
mad therein. It is int nded, th refore, to cover in the 
app nded claims all such changes and modif ications 
as fall within the true spirit and scope of the invention. 
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Claims 

i 

1. An ink jet printer head comprising : 

quantifying and mixing means for quanti- 
fying and mixing ink (1 3) or a transparent solvent ' 5 
(10) to said transparent solvent (10) or said ink 
(13) by controlling first pressure giving means 
(9/34) in accordance with given density data; and 

liquid discharge means for discharging a 
liquid ink drop comprising a liquid mixed by said 10 
quantifying and mixing means by controlling sec- 
ond pressure giving means (8/33) to deposit the 
ink on a recording medium, wherein 

a half tone is printed by the density modu- 
lation of said liquid ink drop. 15 

2. The ink jet printer head according to claim 1 , 
wherein the first and second pressure giving 
means of said quantifying and mixing means and 

said liquid discharge means use a combination of 20 
a piezo element (8) and a piezo element (9), a 
heating element (34) and a heating element (33), 
a piezo element (8) and a heating element (33), 
or a heating element (34) and a piezo element (9). 

25 

3. The ink jet printer head according to claim 1 , 
wherein said liquid ink drop is modulated in den- 
sity and the size of said liquid ink drop is modu- 
lated. 

30 

4. The ink jet printer head according to claim 1, 
wherein said transparent solvent (10) or said ink 
(13) is introduced before quantifying and mixing 
said ink (13) and said transparent solvent (10). 

35 

5. The ink jet printer head according to claim 1, 
wherein; 

a barrier membrane section (5) of said ink 
(13) and said transparent solvent (10) provides 
unidirectional valve means. 40 

6. The ink jet printer head according to claim 5, 
wherein said unidirectional valve means (5) pro- 
vides a projecting section in a panel-like sub- 
strate and a radial slit in said projecting section. 45 

7. The inkjet printer head according to claim 1 , com- 
prising : 

a first orifice (35) which is filled with said 
transparent solvent (31), and a second orifice 50 
(36) which is filled with said ink (32). 

8. The inkjet printer head according to claim 7, com- 
prising : 

a mixing room (37) for mixing said trans- 55 
parent solvent and said ink. 

9. The ink jet printer head according to claim 7, 



wherein said mixing room (37) has a pr deter- 
mined cylinder, and said first orifice (35) is pro- 
vided on the bottom surface of said cylinder and 
said second orifice (36) is provided on the side 
plane of said cylinder. 

10. The ink jet printer head according to claim 8, 
wherein the water repellency processing is ap- 
plied to said mixing room (37). 

11. The ink jet printer head according to claim 8, 
wherein a path for introducing said ink or said 
transparent solvent to said mixing room (37) is 
provided an orifice plate (406). 

12. The ink jet printer head according to claim 7, 
wherein the aperture area of said first (35) or sec- 
ond (36) orifice is set to a value which is less than 
that of the aperture area of said second (36) or 
first (35) orifice. 

13. The inkjet printer head according to claim 12, 
wherein the aperture area of said first (35) or sec- 
ond (36) orifice is set to a value which is less than 
a half value of the aperture area of said second 

(36) or first (35) orifice. 

14. An inkjet printer comprising : 

an ink jet printer head according to any of 
claims 1 to 13. 

15. A method for manufacturing an ink jet printer 
head, wherein a resist pattern and an electroplat- 
ed metal pattern are repeatedly formed as multi- 
layer together with an orifice plate (406), the or- 
ifice plate comprising (406) : 

a cylindrical mixing room (37) for quantify- 
ing and mixing ink and transparent solvent; 

, a first orifice (35) in which said transpar- 
ent solvent (31) or said ink (32) is discharged, 
formed on the bottom surface of said mixing room 

(37) ; 

a second orifice (36) in which said ink (32) 
or said transparent solvent (31) is discharged, 
formed on the side plane of said mixing room 
(37); 

a mixing groove (36) for introducing said 
ink (32) or said transparent solvent (31) to said 
second orifice (36). 

16. The method for manufacturing the inkjet printer 
head according to claim 15, comprising the step 
of: 

exposing and developing a resist film 
formed on a base metal (410) with a predeter- 
mined height, and forming a first resist pattern 
(411) consisting of a first cylinder corr sponding 
to said first orifice and a second cylinder having 
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the same shape as said first cylinder; 

forming a first metal pattern (412) by elec- 
troplating a specified metal to the same height as 
said f irst resist pattern (411) on said base metal 
(410); ( 5 

forming a second resist pattern (413) on 
said first resist pattern (411) and said first metal 
pattern (412), in which the upper plane side of 
said first cylinder has a shape corresponding to 
the bottom surface shape of said mixing room 10 
(37) with the thickness depending on said second 
orifice (36), and the upper plane side of said sec- 
ond cylinder has a shape corresponding to said 
mixing groove (38) extending to said mixing room 
(37) with the thickness depending on said second 15 
orifice (36); 

forming a second metal pattern (414) by 
electroplating said specified metal to the same 
height as said second resist pattern (41 3) on said 
first metal pattern (411) and said second resist 20 
pattern (412); 

forming a third resist pattern (415) having 
a shape corresponding to said mixing room (37) 
at the upper plane side of said first cylinder on 
said second resist pattern (413); 25 

forming a metal f ilm (416) with said speci- 
fied metal on said second (413) and third (415) 
resist patterns and said second metal pattern 
(414), and forming a third metal pattern (417) by 
electroplating said specified metal which is thin- 30 
nerthan said third resist pattern (415); and 

removing said first, second, and third re- 
sist patterns (411, 413, 415), peeling said first, 
second, and third metal patterns (412, 414, 417) 
from said base metal (410), and forming said or- 35 
if ice plate (406). 
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(57) An ink jet printer head and an ink jet printer 
which express a haff tone with a simple construction in 
accordance with the density data. The ink (13) and the 
transparent solvent (10) are quantified and mixed based 
on the density data for each of the specified pixels. The 
ink (1 3) and the transparent solvent (1 0) are supplied to 
a mixing chamber (2) from respective conduits (6, 7). 
Supply of the components to the mixing chamber (2) is 



controlled by operation of respective piezoelectric ele- 
ments (8, 9) and/or heating elements (33, 34). The liquid 
ink drop mixture is deposited onto a recording medium, 
so as to deposit a predetermined density of the liquid 
ink drop onto the recording medium based on the den- 
sity data for each of the specified pixels. Therefore, a 
half tone can be represented with certitude in accord- 
ance with density data with a simple construction. 
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